Introduction
============

Lung cancer is the most commonly occurring cancer worldwide, with non-small cell lung cancer (NSCLC) representing the majority of cases. The prognosis of NSCLC remains poor, with only 5-year overall survival rate.[@b1-ott-11-6777] There is thus an urgent need to elucidate the molecular pathogenesis of NSCLC and determine the optimal strategies for diagnosis and therapy. Argon--helium cryoablation is a very important, minimally invasive cryogenic technique, which produces better results than heat and freeze treatments alone,[@b2-ott-11-6777],[@b3-ott-11-6777] although the underlying mechanism by which it works is unclear.

MicroRNAs (miRNAs) are a class of small noncoding RNAs ranging from 21 to 24 nt in length. They regulate gene expression by degrading their target mRNAs or suppressing protein translation[@b4-ott-11-6777] and have vital roles in cell proliferation, metastasis, apoptosis, and the cell cycle.[@b5-ott-11-6777]--[@b7-ott-11-6777] Recent reports showed that miR-647 regulates cell tumorigenic phenotypes in gastric cancer, as well as inhibits cell invasion and metastasis,[@b8-ott-11-6777] and suppresses cell proliferation by inducing cell cycle arrest and apoptosis.[@b9-ott-11-6777] However, the role of miR-647 in NSCLC has been unclear.

Herein, we show that miR-647 is highly expressed in NSCLC tumors that have been subjected to argon--helium cryoablation treatment, in contrast to those that underwent other treatments. Moreover, miR-647 suppresses cell viability and proliferation of NSCLC cells by delaying G1/S phase transition. We also present evidence that TNF receptor-associated factor 2 (TRAF2) is the target of miR-647 and demonstrate that miR-647 regulates cell proliferation and the cell cycle of NSCLC cells partly through altering TRAF2 expression. Importantly, miR-647 represses the NF-κB signaling pathway that was promoted by TRAF2 in NSCLC. This study may provide important insights into the carcinogenesis of NSCLC under altered regulation of miRNA pathways.

Materials and methods
=====================

Cell culture and transfection
-----------------------------

Lung cancer cell lines, A549 and H1299, were purchased from the American Type Culture Collection and were maintained in RPMI-1640 medium (Thermo Fisher Scientific, Waltham, MA, USA) supplemented with 10% fetal bovine serum. The cells were cultured at 37°C in the presence of 5% CO~2~. All the transfection was performed with Lipofectamine™ 2000 transfection reagent (Thermo Fisher Scientific) following the manufacturer's protocol.

Vector construction
-------------------

The miR647 mimics and miR control were purchased from Thermo Fisher Scientific. The overexpression plasmid for TRAF2, and gene expression plasmids for the 3′ untranslated region (UTR) and mutant 3′ UTR of TRAF2 were purchased from Thermo Fisher Scientific.

RNA isolation and quantitative real-time polymerase chain reaction (qRT-PCR) assay
----------------------------------------------------------------------------------

RNA was isolated using the mirVana miRNA Isolation Kit (Ambion, Austin, TX, USA) following the manufacturer's protocol. RNA was reverse-transcribed into cDNA with the following primers: miR-647-RT: 5′-GTCGTATCCAGTGCAGGGTCCGAGGTGCACTGGATACGACGAA GGA-3′; U6-RT: 5′-GTCGTATCCAGTGCAGGGTC CGAGGTGCACTGGATACGACA AAATATGG-3′. The following primers were used for the PCR: miR-647-forward: 5′-TGCGGGTGGCTGCACTCACT-3′; miR-647-reverse: 5′-CCAGTGCAGGGTCCGAGGT-3′; U6-forward: 5′-TGCGGGTGCTCGCTTCGGCAGC-3′; U6-reverse: 5′-CCAGTGCAGGGTCCGAGGT-3′; TRAF2-forward: 5′-CTGCCCTTGCTGTCCTGT-3′; TRAF2-reverse: 5′-CCCTCGTTTCTGCCTGTC-3′; β-actin-forward: 5′-CTACGTCGCCCTGGACTTCGAGC-3′; β-actin-reverse: 5′-GATGGAGCCGCCGATCCACACGG-3′. The detailed experimental protocol, including the Western blotting protocol used to detect proteins, was previously described by Zhang et al.[@b10-ott-11-6777] Anti-TRAF2, anti-p65, and anti-GAPDH were from Abcam (Cambridge, UK).

Luciferase reporter assay
-------------------------

A549 and H1299 cells were seeded in a 48-well plate and transiently cotransfected with Renilla luciferase (pRL-TK) and miR-647 mimics, miR-control, pLuc-TRAF2-3′ UTR1, pLuc-TRAF2-3′ UTR1-mutant, pLuc-TRAF2-3′ UTR2, and pLuc-TRAF2-3′ UTR2-mutant. Then, 48 h posttransfection, fluorescence detection was carried out using a luciferase assay system (Promega Corporation, Fitchburg, WI, USA) according to the manufacturer's protocols.

MTT and colony formation assays
-------------------------------

The MTT and colony formation assays were performed as described by Zhao et al.[@b11-ott-11-6777]

Cell cycle analysis by flow cytometry
-------------------------------------

A549 and H1299 cells were seeded in six-well plates and incubated for 72 h in complete RPMI-1640 medium. In this study, cell cycle analysis was performed as described by Zhang et al.[@b10-ott-11-6777]

Clinical NSCLC specimens
------------------------

Clinical specimens consisted of 20 tumors that had undergone argon--helium cryoablation treatment and were less than 5 cm in diameter (the median diameter before treatment was 3.5 cm), and 20 tumors that had undergone non-argon--helium cryoablation treatment and were also less than 5 cm in diameter (the median diameter before treatment was 3.3 cm); they were collected from Tianjin University of Traditional Chinese Medicine (TCM) Affiliated Wuqing Hospital of TCM. The patients in the argon--helium cryosurgery group had either declined to undergo surgery or surgery had not been clinically indicated. The non-argon--helium cryoablation treatment involved surgery. This research was approved by the ethics committee of Tianjin University of TCM Affiliated Wuqing Hospital of TCM, and all patients provided written informed consent for the use of their tissue in medical research.

Statistical analyses
--------------------

All statistical analyses were performed at least three times in independent experiments and analyzed using two-tailed unpaired Student's *t*-tests. *P*≤0.05 was considered to be statistically significant.

Results
=======

miR-647 was upregulated in lung cancer after argon--helium cryoablation treatment
---------------------------------------------------------------------------------

To determine the expression of miR-647, we examined 20 tumors that had undergone argon--helium cryoablation treatment and 20 tumors that had undergone non-argon--helium cryoablation treatment using qRT-PCR. The results showed that tumors in the argon--helium cryoablation treatment group were smaller than those in the non-argon--helium cryoablation group ([Figure 1A](#f1-ott-11-6777){ref-type="fig"}). As shown in [Figure 1B](#f1-ott-11-6777){ref-type="fig"}, the expression of miR-647 was higher in the argon--helium cryoablation treatment group than in the non-argon--helium cryoablation group. We also analyzed the correlation between miR-647 levels and clinicopathological characteristics of patients in the argon--helium cryoablation treatment group and found that high expression of miR-647 was associated with lower tumor stage ([Figure 1C](#f1-ott-11-6777){ref-type="fig"}). Overall, these data showed that argon--helium cryoablation treatment decreased the size of tumors and that miR-647 expression was related to the clinicopathological characteristic of patients undergoing argon--helium cryoablation treatment.

miR-647 inhibited cell proliferation and the cell cycle in NSCLC cells
----------------------------------------------------------------------

To investigate the effects of miR-647 on NSCLC cells, an RT-PCR assay was carried out to verify the confidence of the miR-647 mimics in A549 and H1299 cells ([Figure 2A](#f2-ott-11-6777){ref-type="fig"}). MTT and colony formation assays were also performed to determine the role of miR-647 in the proliferation of A549 and H1299 cells. The results indicated that miR-647 mimics could inhibit cell viability ([Figure 2B](#f2-ott-11-6777){ref-type="fig"}) and colony formation activity, in comparison with the control vector ([Figure 2C](#f2-ott-11-6777){ref-type="fig"}). In order to investigate whether miR-647 inhibited NSCLC cell proliferation via altering cell cycle progression, cell cycle assays were performed using flow cytometry analysis. The results indicated that miR-647 mimics led to an increase in the number of cells in G1 phase and a decrease in those in S phase ([Figure 2D](#f2-ott-11-6777){ref-type="fig"}). Overall, these data demonstrated that miR-647 inhibited proliferation of NSCLC cells through inducing G1-S transition.

TRAF2 was targeted by miR-647
-----------------------------

To explore which target genes mediate the effect of miR-647 on NSCLC cells, we used bioinformatics analyses to predict candidate targets. Based on the functions of candidate targets, TRAF2 was chosen for further study. Bioinformatics analysis revealed two binding sites for miR-647 in the 3′ UTR of TRAF2; therefore, we constructed two luciferase reporter plasmids, one containing the wild-type 3′ UTR of TRAF2 and the other containing a 3′ UTR mutant ([Figure 3A](#f3-ott-11-6777){ref-type="fig"}). The luciferase reporter assay showed that miR-647 mimics decreased the luciferase fluorescence intensity of the wild-type 3′ UTR-TRAF2, but not that of the mutant 3′ UTRs-TRAF2, compared with the control group that was transfected with miR control ([Figure 3B and C](#f3-ott-11-6777){ref-type="fig"}). Moreover, we observed using qRT-PCR and Western blotting that TRAF2 mRNA and protein levels were markedly decreased by miR-647 in NSCLC cells ([Figure 3D and E](#f3-ott-11-6777){ref-type="fig"}). Having demonstrated that miR-647 was highly expressed in the argon--helium cryoablation treatment group compared with the non-argon--helium cryoablation treatment group, we also detected the expression of TRAF2 in order to analyze the relationship between miR-647 and TRAF2. The results indicated that TRAF2 was downregulated in the argon--helium cryoablation treatment group in comparison with the non-argon--helium cryoablation treatment group ([Figure 3F](#f3-ott-11-6777){ref-type="fig"}). Furthermore, as shown in [Figure 3G](#f3-ott-11-6777){ref-type="fig"}, there was a negative correlation between miR-647 and TRAF2 mRNA in the argon--helium cryoablation treatment group. These results indicated that TRAF2 was a direct target of miR-647.

The miR-647/TRAF2 axis regulated the tumorigenic phenotype of NSCLC cells
-------------------------------------------------------------------------

To further confirm that the effects of miR-647 on cell proliferation and cell cycle progression in NSCLC cells were mediated by TRAF2, several rescue experiments were performed. Functional rescue experiments showed that miR-647-mediated repression of cell viability and colony formation ability in NSCLC cells was counteracted by ectopic expression of TRAF2 ([Figure 4A and B](#f4-ott-11-6777){ref-type="fig"}). Moreover, as shown in [Figure 4C](#f4-ott-11-6777){ref-type="fig"}, TRAF2 overexpression reestablished G1-S transition repressed by miR-647. These findings implicated TRAF2 in the effects of miR-647 on cell tumorigenic characteristics in NSCLC cells.

miR-647 inhibited the TRAF2-mediated NF-κB signaling pathway
------------------------------------------------------------

Previous reports have suggested that TRAF2 plays a carcinogenic part in lung tumorigenesis through activating the NF-κB pathway.[@b12-ott-11-6777],[@b13-ott-11-6777] In order to determine whether miR-647 could activate the NF-κB signaling pathway, we detected the localization of p65 protein in A549 and H1299 cells using Western blotting. As shown in [Figure 5A](#f5-ott-11-6777){ref-type="fig"}, miR-647 mimics decreased the level of the activated nuclear form p-p65 in comparison with the control vector; furthermore, the ectopic expression of TRAF2 restored the inhibitory function p65. Moreover, luciferase reporter assays demonstrated that TRAF2 partly neutralized the inhibitory effect of miR-647 on NF-κB transcriptional activity in A549 and H1299 cells ([Figure 5B](#f5-ott-11-6777){ref-type="fig"}). These data demonstrated that miR-647 inhibited the TRAF2-mediated NF-κB signaling pathway.

Discussion
==========

Aberrant expression of miRNAs influences tumorigenic phenotypes, including cell proliferation, the cell cycle, migration, and invasion, thereby accelerating the development of cancer. In NSCLC, aberrant expression of miRNAs is a key regulatory factor underlying carcinogenicity, with miR-204,[@b14-ott-11-6777] miR-129b,[@b15-ott-11-6777] miR-1298,[@b16-ott-11-6777] miR-107,[@b17-ott-11-6777] miR-342-3p,[@b18-ott-11-6777] and miR-373[@b19-ott-11-6777] all having been implicated in previous reports. Here, we demonstrated that miR-647 was highly expressed in tumors that had undergone argon--helium cryoablation treatment, compared with those that had undergone non-argon--helium cryoablation. We speculated that argon--helium cryoablation might induce a decrease or increase of transcription factors, thus resulting in the upregulation of miR-647. However, this requires further validation. miR-647 suppressed proliferation of NSCLC cells by delaying G1/S phase transition. Based on these findings, we investigated the molecular mechanism underlying the role of miR-647 in NSCLC cells.

Generally, miRNAs perform their cellular functions through downregulating the expression of their target genes.[@b20-ott-11-6777] In this study, we used TargetScan (Prediction of icroRNA targets; <http://www.targetscan.org/vert_72/>) to predict and identify TRAF2 as a new target gene of miR-647. Furthermore, we showed that the luciferase fluorescence intensity of the 3′ UTR1 and 3′ UTR2 of the TRAF2 reporter vector were decreased by miR-647. In addition, we showed that miR-647 reduced endogenous mRNA and protein levels of TRAF2. These findings demonstrate that TRAF2 is a direct target of miR-647.

TRAF2 belongs to the family of the TRAF proteins. It was first identified as a component of TNF receptor-2 (TNFR2) and then TNFR1 signaling complexes.[@b21-ott-11-6777],[@b22-ott-11-6777] Recent studies have shown that TRAF2 is associated with several important signaling pathways in cancer. The TNF/TRAF2/ASK1/p38 kinase pathway may contain useful biomarkers to identify lung cancer patients at high risk.[@b23-ott-11-6777] TRAF2 regulates mTORC2 signaling via interaction with OTUD7B.[@b24-ott-11-6777] It is also able to modulate two kinase cascades that lead to the activation of JNK and NF-κB to regulate cell biological processes. We found that TRAF2 mediated the inhibition of cell proliferation and cell cycle arrest by miR-647 in A549 and H1299 cells. TRAF2 mediates multiple downstream signaling pathways of TNFR1 and TNFR2, including the activation of NF-κB pathways.[@b25-ott-11-6777],[@b26-ott-11-6777] Moreover, we showed using Western blotting that miR-647 decreased the protein levels of endonuclear p65 in A549 and H1299 cells, indicating that miR-647 inhibits the TRAF2-mediated NF-κB signaling pathway.

Conclusion
==========

Our findings indicated that argon--helium cryoablation treatment can decrease the size of tumors and that miR-647 is highly expressed in tumors after argon--helium cryoablation treatment. Moreover, miR-647 targets the two 3′ UTRs of TRAF2 and downregulates its expression. TRAF2 mediates the inhibition of miR-647 in cell proliferation and the cell cycle in NSCLC cells. These findings may provide insight into the progression of NSCLC and help to drive the development of new techniques for diagnosis and therapy.
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![miR-647 was upregulated in lung cancer after argon--helium cryoablation treatment.\
**Notes:** (**A**) Computed tomography scans of tumor that had undergone argon--helium cryoablation treatment (left) and tumor that had undergone non-argon--helium cryoablation treatment (right). (**B**) The expression of miR-647 was determined by qRT-PCR in 20 lung cancer specimens after argon--helium cryoablation treatment or non-argon-helium cryoablation treatment. (**C**) Correlation between miR-647 and clinicopathological characteristics of patients undergoing argon--helium cryoablation treatment.\
**Abbreviations:** miR-647, microRNA-647; qRT-PCR, quantitative real-time polymerase chain reaction.](ott-11-6777Fig1){#f1-ott-11-6777}

![miR-647 inhibited cell proliferation and cell cycle in NSCLC cells.\
**Notes:** (**A**) The confidence of miR-647 mimics in A549 and H1299 cells was confirmed by qRT-PCR. Proliferation of A549 and H1299 cells was determined by MTT assay (**B**) and colony formation assay (**C**), Representative graphs of the colony formation are presented. (**D**) Cell cycle assays were carried out in A549 and H1299 cells using flow cytometry. ^\*^*P*\<0.05; ^\*\*^*P*\<0.01.\
**Abbreviations:** miR-647, microRNA-647; NSCLC, non-small cell lung cancer; qRT-PCR, quantitative real-time polymerase chain reaction.](ott-11-6777Fig2){#f2-ott-11-6777}

![TRAF2 was targeted by miR-647.\
**Notes:** (**A**) Two potential miR-647-binding sites in the TRAF2 3′ UTR were predicted using TargetScan 7.1; the mutant nucleotides are shown. A549 and H1299 cells were cotransfected with miR-647 mimics or the control vector with TRAF2-3′ UTR1, TRAF2-3′ UTR1-mut (**B**) or TRAF2-3′ UTR2, TRAF2-3′ UTR2-mut (**C**) for the Luciferase reporter assay. (**D** and **E**) A549 and H1299 cells were transfected with miR-647 mimics or the control vector to determine the mRNA and protein expression levels of TRAF2 by qRT-PCR and Western blotting. (**F**) The expression of TRAF2 was determined by qRT-PCR in 20 lung cancer tissue specimens that had undergone argon--helium cryoablation treatment or non-argon--helium cryoablation treatment. (**G**) Pearson's correlation analysis indicated a negative correlation between the expression of miR-647 and TRAF2 (*r* = −0.744, *P*\<0.01) ^\*^*P*\<0.05.\
**Abbreviations:** miR-647, microRNA-647; RT-PCR, quantitative real-time polymerase chain reaction; TRAF2, TNF receptor-associated factor 2; UTR, untranslated region.](ott-11-6777Fig3){#f3-ott-11-6777}

![miR-647/TRAF2 axis regulated the tumorigenic phenotype of NSCLC cells.\
**Notes:** A549 and H1299 cells were cotransfected with miR-647 mimics and pcDNA3/TRAF2 or the control vector. The transfected cells were examined using CCK8 assays to determine the cell tumorigenic phenotype (**A** and **B**), colony formation assays (**C**), and cell cycle assays. ^\*^*P*\<0.05; ^\*\*^*P*\<0.01.\
**Abbreviations:** miR-647, microRNA-647; NSCLC, non-small cell lung cancer; TRAF2, TNF receptor-associated factor 2.](ott-11-6777Fig4){#f4-ott-11-6777}

![miR-647 inhibited the TRAF2-mediated NF-κB signaling pathway.\
**Notes:** A549 and H1299 cells were cotransfected with miR-647 mimics and pcDNA3/TRAF2 or the control vector. Western blot analysis of TRAF2 and p65 protein levels in whole cell lysate and nucleus (**A**). Luciferase reporter assays were performed to analyze NF-κB activity (**B**). ^\*^*P*\<0.05.\
**Abbreviations:** miR-647, microRNA-647; NSCLC, non-small cell lung cancer; TRAF2, TNF receptor-associated factor 2.](ott-11-6777Fig5){#f5-ott-11-6777}
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